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Deficits in facial emotion recognition in Parkinson’s disease (PD) patients has been
well documented. Nevertheless, it is still not clear whether facial emotion recognition
deficits are secondary to other cognitive impairments. The aim of this study was to
answer the question of whether deficits in facial emotion recognition in PD result
from impaired sensory processes, or from impaired decision processes. To address
this question, we tested the ability to recognize a mixture of basic and complex
emotions in 38 non-demented PD patients and 38 healthy controls matched on
demographic characteristics. By using a task with an increased level of ambiguity, in
conjunction with the signal detection theory, we were able to differentiate between
sensitivity and response bias in facial emotion recognition. Sensitivity and response
bias for facial emotion recognition were calculated using a d-prime value and a c
index respectively. Our study is the first to employ the EIS-F scale for assessing facial
emotion recognition among PD patients; to test its validity as an assessment tool, a
group comprising schizophrenia patients and healthy controls were also tested. Patients
with PD recognized emotions with less accuracy than healthy individuals (d-prime) and
used a more liberal response criterion (c index). By contrast, patients with schizophrenia
merely showed diminished sensitivity (d-prime). Our results suggest that an impaired
ability to recognize facial emotions in PD patients may result from both decreased
sensitivity and a significantly more liberal response criteria, whereas facial emotion
recognition in schizophrenia may stem from a generalized sensory impairment only.
Keywords: facial emotion recognition, mild cognitive impairment, Parkinson’s disease, response bias,
schizophrenia, signal detection theory
Introduction
In recent years, there has been increasing interest in the wide range of cognitive symptoms
accompanying neurodegenerative disorders. This trend is reﬂected in the recommendations
published in the DSM-5 (American Psychiatric Association, 2013), which state that
neuropsychological assessment for such disorders should be expanded to include social
cognition. This recommendation pertains to both mild and major neurocognitive disorders. Mild
neurocognitive disorder (mNCD) in the domain of social cognition is deﬁned as: “subtle changes
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in behavior or attitude, often described as a change in personality,
such as less ability to recognize social cues or read facial
expressions” (p. 595). For the assessment of patient competency
in social cognition, the DSM-5 recommends evaluation in two
domains: (1) those which measure the ability to recognize a
variety of both positive and negative emotions, and (2) those
which measure the ability to consider the mental state and
experiences of others.
Parkinson’s disease (PD) is one such neurodegenerative
disorder in which facial recognition impairment has frequently
been identiﬁed (Dujardin et al., 2004; Ariatti et al., 2008;
Baggio et al., 2012; Bediou et al., 2012). PD results from a
loss of dopamine neurons in the pars compacta region of
the substantia nigra and depletion of some of the neurons
within the ventral tegmental area (Braak et al., 2003; Drui
et al., 2014). These degenerations aﬀect both nigrostriatal and
mesocorticolimbic systems and seem to be associated with facial
emotion recognition ability in PD (Péron et al., 2012). The
most commonly occurring impairments are seen in the ability
to recognize basic negative emotions: fear, sadness, anger, and
disgust (for review, see: Gray and Tickle-Degnen, 2010). Inability
to recognize anger and disgust has been shown to be directly
related to dopamine depletion (Sprengelmeyer et al., 2003;
Lawrence et al., 2007).
There is still much debate as to whether emotion recognition
impairment in PD is restricted to negative emotions (Suzuki et al.,
2006; Gray and Tickle-Degnen, 2010). One recently published
study (Buxton et al., 2013) found that PD patients did exhibit
deﬁcits in the ability to recognize happiness. In that study, six
basic emotions were presented at three levels of intensity: low,
medium and high. Results show that the PD group’s ability to
identify happiness was aﬀected when the intensity level of the
emotion was decreased tomedium or low. A similar pattern is not
observed with negative emotions. Buxton’s results indicate that
impairment in facial emotion recognition among PD patients is
(1) not restricted to negative emotions, and (2) dependent upon
the intensity of the stimulus. Impairment in the recognition of
complex emotions (so-called “social emotions”) has also been
documented. One study found that the ability to recognize
arrogance was reduced among PD patients following temporary
withdrawal from dopamine replacement therapy (Martins et al.,
2008). Such ﬁndings raise the question as to whether additional
cognitive processes are involved when faced with ambiguous
stimuli, such as basic emotions with reduced intensity or more
complex emotions.
Impaired performance on various cognitive tasks is well
described in PD patients (Verbaan et al., 2007; Muslimovic et al.,
2009). Executive dysfunctions, which are extremely common
(Owen, 2004; Kudlicka et al., 2011; Ravizza et al., 2012)
even in the early stages of the disease (Levin and Katzen,
2005), include diﬃculties with decision-making, categorization,
executive attention, and working memory.
A small number of studies have investigated the possibility
that emotion recognition impairment in PD is secondary to
executive dysfunction. However, due to the paucity of data,
no consistent conclusion could be drawn (Gray and Tickle-
Degnen, 2010). What is more, most of these studies (e.g.,
Breitenstein et al., 1998; Pell and Leonard, 2005; Clark et al.,
2008; Herrera et al., 2011) used diﬀerent neuropsychological
measures (e.g., verbal ﬂuency tasks, Trail Making Test (TMT),
Wisconsin Card Sorting Test, Visual Search) to examine diﬀerent
aspects of executive function. However, the failure of these
studies to ﬁnd a link between emotion recognition impairment
and executive dysfunction does not negate the possibility that
such a link exists. To investigate the processes underlying facial
emotion recognition, it may be useful to employ a method
which already incorporates some aspects of executive function
(e.g., decision-making) and explores the range of emotions
encountered in everyday life. Such a method would therefore
include tasks which present a degree of uncertainty and would
make demands upon an individual’s decision-making processes.
According to Krantz (1969), decision-making comprises sensory
processes and cognitive decision processes. Signal detection
theory (SDT) is a useful tool for analyzing both these measures
of performance (Stanislaw and Todorov, 1999; Macmillan and
Creelman, 2004). Decision-making strategy is measured in terms
of response bias, whereas the accuracy of stimulus detection
is expressed in terms of sensitivity. The distinction between
sensitivity and response bias appears to be particularly signiﬁcant
when tasks include a higher level of diﬃculty and when response
strategies play an important role due to greater ambiguity of
stimuli.
To date, the SDT has only been applied in a few studies
pertaining to facial emotion recognition (e.g., Tsoi et al.,
2008; Pixton, 2011; Huang et al., 2013). To the best of our
knowledge, it has been used in only one study involving PD
patients (Narme et al., 2011). However, Narme et al. (2011)
were primarily interested in speciﬁc visuospatial deﬁcits than in
executive function deﬁcits. They hypothesized that facial emotion
recognition impairment in PD may result from conﬁgural
processing deﬁcits. Their study included the following tasks:
(1) a facial emotion recognition task; (2) an upside-down
facial emotion recognition task, and (3) a facial conﬁguration
detection task. Their results showed that conﬁgural performance
was positively correlated with emotion recognition of negative
emotions. It has been suggested that impaired recognition of
emotion from facial cues could be related, at least partially, to
conﬁgural processing alteration, especially for vertical, second-
order information. However, these results are in contrast to
previous studies examining visuospatial deﬁcits among PD
patients (for review, see: Gray and Tickle-Degnen, 2010), which
suggests that facial emotion recognition deﬁcits in PD are
independent from general deﬁcits in face processing. These
discrepancies could be accounted for by task diﬀerences, since
major studies assessed visuospatial deﬁcits with the Benton
Facial Recognition Task, which was not designed speciﬁcally to
serve as a measure of conﬁgural processing. It is worth noting
that decision-making deﬁcits, categorization impairments and
decreased working memory in PD were not controlled in the
study by Narme et al. (2011). However, the authors of that study
do not disregard the need to clarify the role of attention and
executive functions in more complex experimental tasks which
demand speciﬁc cognitive activity in future studies (Narme et al.,
2011).
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In our study we choose not to focus on emotion-speciﬁc
recognition deﬁcits, opting instead to assess emotion recognition
deﬁcits using a wider range of emotions. We tested the ability
of PD patients to recognize a mixture of basic and complex
emotions. To do this, we employed the Emotional Intelligence
Scale – Faces (EIS-F), which complies with the recommendations
of the DSM-5. As far as we know, our study is the ﬁrst to assess
the usefulness of EIS-F for research into cognitive impairment in
patients with neurological and psychiatric disorders.
The aims of our study were as follows: (1) to assess facial
emotion recognition among patients with PD, using a task which
is more ecologically valid than those which merely assess basic
emotions. This will give us a more accurate picture of the
ability of these patients to recognize facial emotions in a natural
environment; (2) to answer the question of whether deﬁcits in
facial emotion recognition in PD result from impaired sensory
processes (i.e., decreased sensitivity in stimulus detection), or
from a decision-making impairment (measured as response bias).
By using a task with a greater level of ambiguity in conjunction
with the SDT, we should be able to diﬀerentiate sensory process
deﬁcits from decision-making deﬁcits; (3) to assess the diagnostic
accuracy of EIS-F and to ascertain its usefulness as an assessment
tool for mNCD.
In order to check the validity of the EIS-F for assessing
facial emotion recognition among PD patients, a control group
comprising schizophrenia patients was also tested. As with
PD patients, a number of studies have shown that patients
with schizophrenia exhibit impaired facial emotion recognition,
compared with healthy controls (Feinberg et al., 1986; Archer
et al., 1992; Salem et al., 1996; Addington and Addington, 1998;
Kohler et al., 2003). It has been observed that impairment
of emotion recognition in both PD patients (e.g., Dujardin
et al., 2004; Lawrence et al., 2007; Clark et al., 2008) and SCH
patients (e.g., Bediou et al., 2005) results from a disturbed
dopaminergic system. There is some evidence that there is an
inverted U shaped relationship between emotion recognition
ability and dopamine level (Delaveau et al., 2005). In one
study (Delaveau et al., 2005), healthy individuals were given
levodopa and this had an eﬀect on amygdala activation during
the performance of the facial emotion recognition task. We
can therefore expect that diminished dopaminergic innervation
of the amygdala in PD, and dopamine overstimulation in
SCH, will have a negative impact on emotion recognition
ability. Furthermore, it is worth noting that people with
schizophrenia, in contrast to PD patients, may show a more
general deﬁcit in face perception (for review, see: Bortolon
et al., 2015). Performance in the BVRT and similar tasks is
usually impaired in schizophrenia patients, compared to healthy
controls. According to Bortolon et al. (2015) this diﬀerence
was not seen in only four studies, while schizophrenia patients
displayed impaired performance in over a dozen studies. In
the case of PD patients, the exact opposite pattern of results
is found: Gray and Tickle-Degnen (2010) found that in 15
studies examining BVRT performance, there was no diﬀerence
between PD patients and healthy controls, and only four showed
impaired performance in the PD group. The results of meta-
analysis performed by the authors of those studies suggest
that the existence of facial emotion recognition impairment
in PD cannot be explained in terms of a general visuospatial
deﬁcit. We therefore included the SCH group as an additional
control group that would be expected to exhibit decreased
discriminability of facial emotions. We expected robust visual
face processing deﬁcits to have a signiﬁcant eﬀect on performance
in the EIS-F, given that the task requires discrimination of
subtle facial features. We wanted to ﬁnd out if decreased
sensitivity to facial emotions is accompanied by changes in
response strategy. As already mentioned, the SDT is rarely
used in emotion recognition studies and the link between
response strategy and ability to discriminate emotions has
not been determined. Our goal was to study both of these
factors and, in including the SCH group, we would be able to
determine response strategy changes in the context of sensitivity
changes.
Materials and Methods
Participants
Thirty-eight non-demented patients with Parkinson’s disease (14
females) and 38 healthy controls matched for sex, age, and
education took part in the study. PD patients were recruited
via the Parkinson’s Disease Association in Bydgoszcz and
the Parkinson’s Disease Foundation in Warsaw. All patients
met the criteria for Idiopathic Parkinson’s disease with mild
or medium intensity motor symptoms, as per the Hoehn
and Yahr Scale (mean = 2.34, SD = 1). All patients were
treated with levodopa or a dopamine agonist medication,
and were tested soon after medication was administered (i.e.,
during their “on” state). PD patients with a Mini-Mental State
Examination (MMSE) score below 24 were excluded from the test
group.
In addition to the above, a group of 26 patients with
schizophrenia (nine females) were compared to 26 healthy
controls matched for sex, age, and education. This group
of patients was recruited from schizophrenia foundations in
Bydgoszcz, Inowrocław, Sicienko, and Torun´. The schizophrenia
patients were diagnosed in accordance with the Diagnostic and
Statistical Manual of Mental Disorders-IV. Patients were being
treated with antipsychotic medication at the time of testing.
Schizophrenia patients with an MMSE score below 24 were
excluded from the test group.
All participants were native speakers of Polish. Healthy
controls were recruited from the general population.
Measures of cognitive functions (MMSE) and depression
(BDI) were administered prior to testing. Table 1 shows the
demographic and clinical characteristics of Parkinson’s disease
and schizophrenia patients and their respective control groups.
Informed written consent was obtained from all subjects prior
to testing and the study was approved by the local ethics
committee.
Neuropsychological Assessment
In order to assess the accuracy of the EIS-F and its diagnostic
utility for PD patients, we examined the relationship between
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TABLE 1 | Demographic, clinical and cognitive characteristics of the
sample.
PD HCPD
Variable M SD M SD t/U# p
Age 61.42 8.52 60.24 9.34 0.58 0.57
Gender M/F 24/14 24/14 –
Education (years) 12.76 3.43 13.18 3.42 678.5# 0.32
Disease duration 8.63 5.09
BDI 11.84 7.43 6.13 6.40 344.5# <0.001
MMSE 28.47 1.57 29.47 0.91 403.5# <0.001
Str WR 33.79 14.64 35.00 12.76 534.0# 0.33
Str CW 89.71 37.55 70.50 20.62 318.0# <0.001
TMT A 56.24 35.44 39.53 9.84 363.0# <0.01
TMT B 137.39 99.47 72.83 45.55 267.5# <0.001
TMT B-A 81.16 76.30 31.87 43.84 234.5# <0.001
BVRT corrects 5.37 2.20 5.77 1.77 524.0# 0.28
BVRT errors 7.84 4.19 6.13 3.13 1.86 0.07
RAVLT 1-5 39.13 11.83 41.23 10.69 540.5# 0.36
RAVLT LTM 7.89 3.09 7.67 2.92 0.30 0.76
SCH HCSCH
M SD M SD t/U# p
Age 37.46 10.90 38.04 13.66 337.0# 0.50
Gender M/F 17/9 – 17/9 – – –
Education (years) 12.83 3.48 13.33 2.69 277.0# 0.13
Disease duration 17.69 9.17
BDI 11.17 11.94 8.23 8.64 282.0# 0.28
MMSE 28.42 1.81
PD, Parkinson’s disease; HC, healthy controls; M, mean; SD, standard deviation;
t/U, t statistic or U statistic (for non-normally distributed samples); BDI, Beck
Depression Inventory; MMSE, Mini-Mental State Examination; Str WR, CW, Stroop
Color-Word Test (Word Card, Color-Word Card); TMT A, B, B-A, Trail Making Test
part A and B, and difference; BVRT corrects, errors, Benton Visual Retention Test,
number of correct answers, and number of errors; RAVLT 1-5, Rey Auditory Verbal
Learning Test sum of trials 1-5, LTM, long term memory score; SCH, Schizophrenia
patients.
emotional processing and cognitive functions. Each patient
with PD and each control subject were given a set of
neuropsychological tests. The assessment was performed by
a neuropsychologist. To assess visual attention, psychomotor
speed and alternating attention, we employed the TMT, which
is a widely used tool for testing executive functions. TMT
comprises parts A (number sequencing) and B (number-letter
switching). We also calculated the TMT B-A index to remove the
speed component. To examine selective attention and inhibition
control, we used the Stroop Test (STR), which comprises a word-
reading index (WR) and color-word naming index (CW), and
is designed to assess cognitive speed and executive function.
To test visual and verbal memory, we used the Benton Visual
Retention Test (BVRT), which is designed to assess short-term
visual memory, and the Rey Auditory Verbal Learning Test
(RAVLT), which is widely used to assess episodic verbal memory.
We used RAVLT trials 1–5 as a measure of verbal learning, and
RAVLT ltm as an indicator of ability to retrieve information after
a 20-min interval.
Mild cognitive impairment (MCI) was deﬁned by
neuropsychological testing as impaired performance (i.e.,
2 SD below the mean score for the age- and education-matched
control group) in two neuropsychological tests (see: Litvan et al.,
2012). Subjective complaints of cognitive problems (or lack
thereof) were not treated as a factor in the selection process.
Facial Emotion Recognition Task
Our study utilized the (EIS-F (Matczak et al., 2005). The test
comprises 18 photographs, nine featuring male faces and nine
featuring female faces. For each group of nine, four photographs
depict positive emotions and ﬁve depict negative emotions.
Accompanying each photograph is a list of six possible emotions
(see Figure 1). The subject must determine which of the six
emotions are shown in each photograph, and which are not, by
choosing one of three possible responses: “shown,” “not shown,”
and “hard to say.” Before the test commences, the subject is
instructed that the “hard to say” response should only be given as
a last resort. There are 108 items in total (i.e., 18 photographs × 6
names of emotions). The number of emotions expressed in each
photograph is from one to four. Perfect score in the test requires
the identiﬁcation of 45 “shown” emotions and correct rejection
of 63 “not shown” emotions.
The emotions depicted in the photographs include both basic
emotions (positive: joy, surprise; negative: sadness, anxiety,
FIGURE 1 | Example photograph from Emotional Intelligence Scale – Faces (EIS-F) and correctly filled answer sheet (names of the emotions
translated to English from the Polish original). The photograph shown comes from the test instructions and does not feature in the actual test. Reprinted with
permission.
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anger, disgust), and complex emotions (positive: tenderness,
self-contentment, pride, satisfaction, admiration, hope, coquetry,
composure, self-conﬁdence, curiosity, expectation, interest,
astonishment; negative: unpleasant surprise, confusion, aversion,
distrust, resignation, regret, disappointment, insecurity,
disregard, feeling of superiority, indignation, envy, hate,
contempt, unease, jealousy, disbelief).
Data Analysis
In EIS-F, each decision as to whether a given emotion is present
(or not) in a photograph is considered to be a separate answer
in the test. The number of correct responses in the test is:
“shown” = 45, “not shown” = 63. The authors of the test have
proposed only one performance indicator, i.e., the total number
of correct responses, be they “shown” or “not shown.” However,
the summary result can be broken down into six possible
responses: correct positive answer (“shown”), correct negative
answer (“not shown”), incorrect positive answer (“shown”),
incorrect negative answer (“not shown”), a response of “hard
to say” when the correct response should have been “shown,” a
response of “hard to say” when the correct response should have
been “not shown.”
In our study, we analyzed the EIS-F results using the SDT
(Macmillan, 2002). The SDTpredicts that, for tasks which require
a yes/no answer, performance is dependent upon the accuracy
with which the subject discriminates between a known process
(the signal) and chance (the noise). Moreover, the SDT takes
into consideration the response strategy employed by the subject:
where the subject experiences uncertainty, he may give a positive
response (liberal strategy) or a negative response (conservative
strategy). The EIS-F presents subjects with this choice, in that
they must choose whether a given photograph depicts or does not
depict the emotion in the accompanying list. In accordance with
the SDT classiﬁcation, correct positive responses (“shown”) are
known as “hits.” Correct negative responses (“not shown”) are
“correct rejections.” Incorrect positive responses (“shown”) are
called “false alarms.” Incorrect negative responses (“not shown”)
are known as “misses.” In the case of EIS-F, responses of “hard to
say” prove problematic because the SDT does not take this option
into consideration. However, since the “hard to say” responses are
classed as erroneous in the EIS-F, such responses have also been
classed as incorrect in our analysis. For this reason, a response
of “hard to say” in cases where the correct response should have
been “shown” are classed as misses. A response of “hard to say”
when the correct response should have been “not shown” is
classed as a false alarm.
In order to measure performance in a given task, the SDT uses
the sensitivity index d’ (Macmillan, 2002), which calculates the
diﬀerence between hits and false alarms. The higher the value of
the d’, the more accurate the distinction between signal and noise.
The second index used by the SDT is the response bias index c.
Positive c index values indicate a conservative response strategy.
In cases of uncertainty, the subject is more likely to give a
negative response (expressed in EIS-F as a “not shown” response).
A negative c index indicates a liberal response strategy, whereby
the subject gives a positive response in cases of uncertainty
(expressed in EIS-F as a “shown” response). We chose the c index,
instead of the common β index, because it is not aﬀected by
changes in the d’ (Ingham, 1970; Macmillan, 1993).
Statistical Analysis
Analyses were performed using custom scripts written in
Python programming language with packages for scientiﬁc
computing: SciPy (Oliphant, 2007), sdt_metrics, and pandas.
Group diﬀerences in demographic, clinical and cognitive
characteristics and facial emotion recognition variables were
analyzed using independent two-tailed t-tests for normally
distributed variables, the Mann–Whitney test for non-normally
distributed variables. Correlations between neuropsychological,
demographic, clinical factors and facial emotion recognition
variables (d’, c, hit rate, false alarm rate), were analyzed using
Pearson’s correlations. Receiver Operating Characteristic (ROC)
curves were plotted for each group (patients/controls).
Results
PD Patients
There were no signiﬁcant diﬀerences between PD patients and
HCs regarding demographic variables (see Table 1). Depression
scores were signiﬁcantly higher in the PD group. Patients scored
signiﬁcantly lower on the MMSE than the HCs. Signiﬁcant
diﬀerences were observed in the executive functions measures
(TMT, STR). There were no signiﬁcant diﬀerences in memory
measures (RAVLT, BVRT).
The hit rate was considerably higher in the PD group than
in the HC group (Table 2), although this was accompanied by
a higher rate of false alarm responses. Despite the higher rate
of hits, the d’ sensitivity index (which indicates the accuracy of
recognition) showed no diﬀerence between the groups. For both
groups, a large number of hits were accompanied by an equally
large number of false alarms. Both groups employed a liberal
response strategy (as indicated by a negative c index). At the
same time, the response bias was signiﬁcantly higher (i.e., larger
deviation from zero) among PD patients, which shows that there
is a greater tendency to give positive responses in this group.
Patients with Schizophrenia
The performance of patients with schizophrenia in the EIS-F,
as expressed by hit rate, did not diﬀer signiﬁcantly from that
of the healthy controls, although the schizophrenia patients
TABLE 2 | Emotion recognition: PD patients vs. healthy controls-specific
indicators as per SDT.
PD HCPD
M SD M SD t/U# p
Hit rate 0.75 (0.11) 0.68 (0.15) 2.29 <0.05
False alarms rate 0.56 (0.14) 0.40 (0.13) 229.5# <0.001
d-prime 0.56 (0.39) 0.80 (0.44) −2.49 <0.05
c −0.45 (0.34) −0.12 (0.34) −4.19 <0.001
d-prime, sensitivity index; c, response bias index.
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TABLE 3 | Emotion recognition: schizophrenia vs. healthy
controls-specific indicators as per SDT.
SCH HCSCH
M SD M SD t/U# p
Hit rate 0.71 (0.16) 0.75 (0.12) −1.23 0.23
False alarms rate 0.45 (0.17) 0.39 (0.12) 1.28 0.21
d-prime 0.76 (0.42) 1.03 (0.39) −2.41 <0.05
c −0.22 (0.45) −0.23 (0.31) −0.08 0.94
d-prime, sensitivity index; c, response bias index.
gave a signiﬁcantly higher number of false alarm responses
(Table 3). This resulted in a considerably lower sensitivity index
for schizophrenia patients compared with healthy controls. Both
groups employed a liberal response strategy and showed no
statistically signiﬁcant diﬀerences in c index.
Receiver Operating Characteristic
We plotted ROC curves deﬁned by average hit and false alarm
rates for each patient and control group, and calculated the
d’ index corresponding to these averages. As we can see in
Figure 2, all ROC curves lie relatively close to the diagonal
dotted line representing performance of random choice strategy.
This suggests that the diﬃculty level of the task was relatively
high. However, all groups perform above chance level. Note
that younger HCs performed better than older HCs. This would
indicate that the age of test subjects signiﬁcantly aﬀects facial
emotion recognition ability.
FIGURE 2 | Receiver operating characteristic (ROC) curves of the four
groups included in the study. Markers denote the mean false alarms rate
and the mean hit rate of each group. Greater sensitivity (d’) corresponds to
the ROC curve deflecting further from the diagonal; the position of the marker
on the curve corresponds to response bias c. PD, PD patients, HCPD, control
for PD group, SCH, schizophrenia patients, HCSCH, control for SCH group.
The markers on the ROC curves represent average hit rate
and false alarm rate within each group. Notably, the markers are
positioned almost symmetrically for all groups (indicating little
bias as measured by c index) except for the PD patient group,
whose marker lies further to the right (higher hit and false alarm
rates, larger deviation of c from zero).
Correlations
In order to examine the relation between age and facial emotion
recognition ability, a correlation analysis was performed for all
healthy controls. We found a signiﬁcant negative correlation
between age and the d’ (r = −0.42, p < 0.001). There was
no signiﬁcant correlation between age and c index (r = 0.13,
p= 0.26). We also found no signiﬁcant correlation between years
of education and d’ (r = 0.07, p = 0.67) or c index (r = −0.005,
p = 0.98). Since the c index was lower among PD patients,
we carried out a correlation analysis between facial emotion
recognition variables and cognitive function measures. We found
that there was a signiﬁcant negative association between executive
performance (TMT B-A) and response bias (c index) (r =−0.36,
p < 0.05) and between TMT B-A and false alarm rate (r = 0.33,
p< 0.05).
Emotion Recognition in Relation to MCI
In order to provide MCI deﬁnition scores for PD, patients were
categorized as pathological if their mean score was at least two
standard deviations below that of the control group in two
neuropsychological tests. Thus, 29 of the 38 PD patients were
classiﬁed as cognitively intact and nine were classiﬁed asMCI.We
compared emotion recognition performances of MCI and non-
MCI PDpatients and found no statistically signiﬁcant diﬀerences.
Discussion
Facial emotion recognition requires particular perception skills,
such as an ability to discriminate facial features. However,
whereas the most commonly used tests in research into emotion
recognition consist of “yes/no”- type questions and answers,
an equally important role is played by the cognitive decision
process. In our study, we used the EIS-F to assess how both
of these processes participate in facial emotion recognition in
a group of individuals with PD, and in a group of individuals
with schizophrenia. The SDTwas used tomeasure perception and
response bias. We found that: (1) patients with PD in comparison
with age-matched healthy controls displayed sensory deﬁcit in
facial emotion recognition, as indicated by a decreased d’ index
value (2) individuals with PD employed a more liberal strategy
than healthy individuals when it came to answering questions;
(3) patients with schizophrenia showed less sensitivity in stimulus
identiﬁcation, compared with individuals from the age-matched
healthy control group. Notably, decreased discriminability in
the schizophrenia group was not accompanied by changes in
response strategy, as indicated by the similar value of c index
in the schizophrenia and healthy control groups. These ﬁndings
indicate that facial emotion recognition ability can be sensitive
to at least two potentially diﬀerent process impairments, and
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the SDT may detect the impact of both sensory and executive
deﬁcits. Our ﬁndings are consistent with the belief that diﬃculties
in facial emotion recognition in PD are not merely the result
of a general deﬁcit in face processing, but also the eﬀect of
executive control impairment (Péron et al., 2012). By contrast,
facial emotion recognition diﬃculties in schizophrenia may stem
from generalized perceptual impairment (Archer et al., 1992).
Patients with PD showed concurrent signs on the Stroop and
TMT measures. It seems plausible that diﬃculty in processing
emotions may stem from impaired executive functions. Indeed,
we did ﬁnd a correlation between the patients’ results on the facial
emotion recognition task (c index, false alarms ratio) and TMT
B-A measure. This ﬁnding suggests that the observation that
prosodic emotion recognition in PD is partially dependent on
deﬁcits in executive functions (Gray and Tinkle-Degnen, 2010)
and this also extends to facial emotion recognition. Moreover,
we did not ﬁnd any signiﬁcant correlation between the d’ index
value and the results of executive function tests. Our results
validate the speciﬁcity of d’ and c measures, which are sensitive
to impairments in two diﬀerent processes.
With regards to sensory deﬁcit in facial emotion recognition
in PD, our ﬁndings were relatively similar to those of Narme et al.
(2011). However, the overall discriminability of facial emotions
in the study by Narme et al. (2011) was signiﬁcantly higher than
that observed in our study. The fact that we introduced stimuli
of varying levels of diﬃculty (i.e., ambiguity and intensity) may
explain this diﬀerence. This may also explain why both groups
employed a highly conservative criterion (c= 0.4 in the PD group
and c = 0.33 in healthy controls) in the study by Narme et al.
(2011). Our use of complex facial emotions with lower intensity
and higher ambiguity enabled us to detect changes in response
strategy among PD patients, as expressed by a decreased c index
value.
One could argue that the deﬁcits in facial emotion recognition
are an eﬀect of general decline in cognitive functioning in
PD. We excluded this possibility by comparing those patients
with MCI with cognitively intact PD patients. We found that
the diﬀerence in d’ and c indices between the groups was not
statistically signiﬁcant. This ﬁnding concurs with the results of
a study by Herrera et al. (2011), which revealed that emotion
recognition impairment among PDpatients was not related to the
patients’ cognitive status (in both the PD MCI and PD non-MCI
groups, approximately half of the patients displayed impaired
facial emotion recognition).
For the HC groups, our results regarding the negative
correlation of age and ability to discriminate facial emotions are
broadly consistent with previous studies (Orgeta and Phillips,
2008; Ruﬀman et al., 2008); however, the stimuli in our study were
a mixture of basic and complex emotions, and we did not analyze
positive and negative emotions separately.
By using the SDT, we found that EIS-F is able to discriminate
between patients with PD and HCs. In contrast to the majority of
tests used to assess facial expression recognition, EIS-F measures
a mixture of basic and complex emotions. Thus, the EIS-F
test has the advantages of an ecological test, in which the
ambiguity of an emotion does not merely result in a reduction
in stimulus intensity. The test subject has to deﬁne more speciﬁc
categories of meaning from the complex process of emotion
classiﬁcation. In other words, as well as having to decide whether
a photograph depicts or does not depict a given emotion (e.g., a
positive emotion), the subject must also deﬁne that emotion more
precisely (e.g., pride, relief, ﬂirtatiousness). For this reason, we
can assume that the level of diﬃculty of the EIS-F will be high, an
assumption conﬁrmed by the results of the hit ratio, false alarm
ratio, and d’ values. It should be stressed that the SDT has, thus
far, been seldom used in analyses of facial emotion recognition,
and there are very few studies of the clinical population (Diehl-
Schmid et al., 2007; Tsoi et al., 2008; Narme et al., 2011; Huang
et al., 2013). That said, the existing literature tells us that the
sensitivity index values obtained in our study were relatively
low. The values ranged from 0.56 (mean for the PD group) to
1.03 (mean for the younger control group), and these values are
similar to those obtained for healthy individuals in fast-paced
(12.5–25 ms) basic emotion recognition tests (Pixton, 2011). In
a study of schizophrenia patients (Tsoi et al., 2008), which also
had a relatively short exposition time of 50 ms, the d’ sensitivity
index results were similar to those seen in our study. Another
study of patients with schizophrenia, in which the faces shown
to the subjects had been manipulated to exhibit diﬀerent levels of
intensity (Huang et al., 2013), the d’ sensitivity index fell when
the intensity of the stimulus was decreased. Even in groups of
healthy individuals, the sensitivity index was lower than 1 when
the intensity of a given emotion fell below 50%. The results of
these studies suggest that the diﬃculty level of the EIS-F is indeed
high, and is comparable to those tests which either limit the
exposition time or considerably limit the intensity of the stimulus.
Future research should examine the sensitivity and accuracy
of the EIS-F. One possible way of doing this is to check whether
the results obtained in the EIS-F correlate with results obtained
using other tests which measure facial emotion recognition. It
would be extremely useful to do a comparison with more simply
designed tests (Penn Emotional Facial Recognition – ER40) and
considerably more diﬃcult tests (e.g., tests where the level of
intensity of presented emotions is manipulated).
Recognition of the social emotions used in the EIS-F
requires not only eﬃcient perception of a stimulus, but
also eﬃcient language competence. Our study was severely
wanting in this regard, as we did not use any measurement
of verbal comprehension (e.g., the relevant vocabulary subtest
from the Wechsler Adult Intelligence Scale). However, this
may be of more relevance to patients with schizophrenia
than those with PD, given that language deﬁcits are not
typical among PD patients with cognitive dysfunctions
(Goldman and Litvan, 2011). Still another limitation of
this study is that there was no relevant neuropsychological
measures to test whether the facial emotion recognition
deﬁcits in SCH could be due to a more speciﬁc cognitive
impairment, even though we screened for patients’ global
cognitive abilities using the Mini-Mental State Examination
to exclude patients with a score below 24. Moreover, it has
been noted that the stability of facial emotion recognition
impairments over the course of schizophrenia may indicate
an intermediate phenotype or an endophenotype of
schizophrenia (Bediou et al., 2012), which suggests that facial
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emotion recognition impairments are not directly related to
general cognitive function constraints. Also, since our study
only examined PD patients and schizophrenia patients who
were taking medication for their condition, the eﬀect of non-
pharmacological interventions on facial emotion recognition
remains untested.
Conclusion
Little research has been done into the process of “natural” social
emotion recognition, since the majority of studies have used
morphed faces in order to manipulate the intensity of emotions
(e.g., by morphing two basic emotions in varying proportions). In
doing so, variables may be strictly controlled (i.e., the proportion
of an assessed emotion in the morphed stimulus). However,
this does not fully reﬂect the natural emotions seen in everyday
life. We do come across mixed emotions in our daily lives
(e.g., anger mixed with sadness), but more often than not we
are required to identify social emotions, such as mixtures of
contempt and dislike, or admiration and pride. In our study
we used the EIS-F, which has the advantages of an ecologically
valid test measuring social emotion recognition. Our results
suggest that: (1) PD signiﬁcantly changes response bias and
causes a slight decrease in sensitivity in the recognition of social
emotions; (2) schizophrenia has very little eﬀect on response bias,
but is signiﬁcantly connected with decreased sensitivity in the
recognition of social emotions.
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